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FOREWORD 


This  report  was  prepared  for  the  Department  of  the  Air  Force, 
Space  and  Missile  Systems  Organization  (SAMSO) ,  in  compliance 
with  Contract  No.  F04704-78-C-0027  ,  CDRL  Item  005A2.  It 
presents  geological,  geophysical,  and  geotechnical  data  and 
evaluates  the  suitability  of  portions  of  Nevada  and  Utah  for 
siting  the  MX  Land  Mobile  Advanced  ICBM  System. 

This  report  is  the  first  of  several  Verification  reports  which 
will  be  prepared.  The  objectives  are  to  verify  sufficient 
suitable  area  for  deployment  of  the  MX  System  and  to  provide 
preliminary  physical  and  engineering  characteristics  of  the 
soils.  The  Verification  Studies  are  the  final  phase  of  a 
site-selection  process  which  was  begun  in  1977.  Previous 
studies  have  been  termed  Screening,  Characterization,  and 
Ranking.  In  preparing  this  report,  it  has  been  assumed  that 
the  reader  is  familiar  with  these  previous  studies. 

Results  of  the  FY  79  Verification  studies  are  contained  in  11 
volumes  as  follows: 

Geotechnical  Results 

Volume  lA  -  Sections  1.0,  2.0,  and  3.0  contain  Introduc¬ 
tion,  Results  and  Conclusions,  and  Recommendations  for 
Future  Studies.  Sections  4.0  through  6.0  contain  summary 
geotechnical  data  for  Whirlwind,  Snake  Cast,  and  Hamlin 
CDP' s. 

Volume  IB  -  Sections  7.0  through  10.0  contain  summary 
geotechnical  data  for  White  River  North,  Garden-Coal, 
Reveille-Railroad  and  Big  Smoky  CDP's. 

Geotechnical  Data  Volumes 


*  Volume 

II 

- 

Whirlwind  CDP 

Volume 

III 

- 

Snake  East  CDP 

Volume 

IV 

- 

Hamlin  CDP 

Volume 

V 

- 

White  River  North 

CDP 

Volume 

VI 

- 

Garden-Coal  CDP 

Volume 

VII 

- 

Reveille-Railroad 

CDP 

Volume 

VIII 

- 

Big  Smoky  CDP 

Volume 

IX 

- 

Dry  Lake  CDP 

Volume 

X 

- 

Ralston  CDP 

*  This  volume  is  presented  herein. 
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SECTION  1.0 


GEOLOGIC  STATION  DATA 
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EXPLANATIONS  OF  GEOLOGIC  STATION  DATA 


Geologic  stations  were  established  at  selected  locations 
throughout  the  CDP  at  which  detailed  descriptions  of  surficial 
basin-fill  deposits  or  rock  were  recorded.  Locations  of  all 
geologic  stations  are  shown  in  Drawing  1,  Activity  Location 
Map.  All  data  taken  on  surficial  basin-fill  units  at  these 
stations  are  listed  in  Table  1-1  and  an  explanation  of  the 
column  headings  in  the  table  is  given  below.  At  stations  where 
rock  descriptions  were  made,  only  geologic  unit  designations 
ate  listed.  A  general  explanation  of  all  geologic  unit  symbols 
used  in  Verification  Studies  is  included  at  the  end  of  this 
section. 

Column  Heading 

Table  1-1  Explanation 

Station  Number  Geologic  stations  ate  numbered  sequentially. 

Where  mote  than  one  geologic  field  team  worked 
in  a  CDP,  stations  made  by  each  team  ate  dif¬ 
ferentiated  with  a  letter  (A,  3,  or  C)  follow¬ 
ing  the  station  number. 

Geologic  Unit  Generic  geologic  unit  only,  i.e.  the  grain-size 

designation  (f,  s,  g,  c)  is  omitted  from  surfi¬ 
cial  basin-fill  units.  The  letter  B  in  the 
unit  designation  indicates  a  buried  deposit  not 
exposed  at  the  surface. 

MPS  MM  Average  maximum  particle  size  in  millimeters. 

Grain  Size  Estimated  particle  size  distribution  using  the 

(%B,  eC,  %G,  Unified  Soil  Classification  System.  Percent- 
%3,  %F)  ages  of  boulders  (%B)  and  cobbles  ■(%C)  are 

based  on  the  entire  deposit,  whereas  percent¬ 
ages  of  gravel  (%G) ,  sand  (%S)  and  fines  (%F) 
are  taken  only  on  the  fraction  composed  of 
particles  less  than  3  inches  (76  ram)  in  diam¬ 
eter. 

uses  Soil  class  according  to  the  Unified  Soil  Class¬ 

ification  System. 
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Munsell  Color  Soil  color  based  on  Munsell  Soil  Color  Chart. 

Source  Rock  Rock  types  of  coarse  clasts  listed  in  order  of 

Types (s)  abundance. 


*  Physical 

Properties  Data  listed  in  columns  6  through  15  address 
specific  soil  properties.  These  are  listed 
below  in  parentheses  following  the  column 
heading  number  and  are  also  listed  at  the 
bottom  of  Table  1-1.  Data  are  coded  with  each 
numerical  entry  referring  to  a  specific  soil 
condition  as  listed  below. 


6  (Grain  Shape)  1)  Angular,  2)  Subangular,  3)  Subrounded, 

4)  Rounded,  5)  Well  rounded 

7  (Moisture  1)  Dry,  2)  Moist,  3)  Wet 

Content) 

b  (Plasticity  1)  None,  2)  Low,  3)  Medium,  4)  High 
of  Fines) 

9  (Consistency)  Coarse  grained:  1)  Very  Loose,  2)  Loose, 

3)  Medium  Dense,  4)  Dense,  5)  Very  Dense, 

Fine  grained:  l)Soft,  2)  Firm,  3)  Stiff, 

4)  Hard 

10  (Structure)  1)  Stratified  Tabular,  2)  Stratified  Other 

(lensed,  cross  bedded,  discontinuous  beds), 

3)  Nonstratif ied 

11  (Cementation  1)  None,  2)  Weak,  3)  Moderate,  4)  Strong 
Induration) 

12  (Depth  to  Depth  to  layer  (in  centimeters)  exhibiting 

Cemented  cementation  induration  described  in  Column  11 

Layers)  (above) 

13  (Weathering  1)  Fresh,  2)  Slight,  3)  Moderate,  4)  Very 
of  clasts) 

14  (Soil  1)  None  (A-C  profile),  2)  Poor  (incipient 

Profile  B-horizon) ,  3)  Well  (prominent  B~horizon) 

Development) 

15  (Caliche  1)  Stage  l,  2)  Stage  II,  3)  Stage  III, 

Development)  4)  Stage  IV,  5)  None 
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Drainage 

DP  (M) 

Average 

depth  of  drainages  (in 

meters) 

WD  (M) 

Average 

width  of  drainages  (in 

meters) 

Slope  (%) 

Average 

slope  of  ground  surface 

1  (in  percent 

Sample 

grade) 

Number  < 

of  samples  taken 
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UNITS 


Units 


A1  Younger  Fluvial  Deposits  -  Major  modern  stream  channel  and 
flood-plain  deposits. 

A2  Older  Fluvial  Deposits  -  Older  incised  stream  channel  and 
flood-plain  deposits  in  elevated  terraces  bordering  ma^or 
modern  drainages. 

A3  Eolian  Deposits  -  Wind-blown  deposits  of  sand  occurring  as 
either  thin  sheets  (A3s)  or  dunes  (A3d) . 

A4  Playa  and  Lacustrine  Deposits  -  Deposits  occurring  in 
modern,  active  playas  (A4)  or  in  either  inactive  playas  or 
older  lake  beds  and  abandoned  shorelines  associated  witn 
extinct  lakes  (A4o) . 

A5  Alluvial  Fan  Deposits  -  Alluvial  deposits  consisting  of 
debris  flow  and  water-laid  alluvium  near  mountain  fronts, 
grading  into  predominantly  water-laid  alluvium  deposited  in 
shifting  distributary  channels  near  the  basin  center. 
Younger  (A5y) ,  intermediate  'A5i) ,  and  older  (A5o)  alluvial 
fans  are  differentiated  by  surface  soil  development, 
terrain  conditions,  and  present  depositional/erosional 
environment. 


Grain  sizes  of  these  deposits  (except  A3  deposits,  which  ate 
exclusively  sandy)  are  indicated  by  a  single  letter  (f,  s,  g, 
or  c)  following  the  geologic  unit  symbol.  These  letters 
indicate  the  predominant  grain  size  and  range  of  soil  types 
according  to  the  Unified  Soil  Classification  System; 
f  -  fine-grained  (ML,  CL,  MH ,  CH) 
s  -  sands  (SP,  SW,  3M,  SC) 
g  -  gravels  (GP,  GW,  GM,  GC) 

c  -  coarse  grained  with  greater  than  30  percent  boulders 
and  cobbles  (generally  GP,  GW,  GM,  GC) 
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ROCK  UNITS 


I  Igneous  (undifferentiated).  Rocks  formed  by  solidification 
of  a  molten  or  partially  molten  mass. 

11  Intrusive  -  Plutonic  rocks  formed  by  solidification  of 
molten  material  beneath  the  surface  (e.g.,  granite, 
granodior ite ,  diorite,  gabbro)  . 

12  Extrusive  (intermediate  and  acidic)  -  Volcanic  rocks  of 
intermediate  and  acidic  compositon  formed  by  solidifica¬ 
tion  of  molten  material  at  or  near  the  surface,  (e.g., 
rhyolite,  latite,  dacite,  andesite,  . 

13  Extrusive  (basic)  -  Volcanic  rocks  of  basic  composition, 
generally  formed  oy  solidification  of  molten  materials 
at  or  near  the  surface  (e.g.,  basalt). 

14  Extrusive  (pyr oclistic)  -  Rocks  formed  by  accumulation 
of  volcanic  ejecta  (e.g.,  ash,  tuff,  welded  tuff, 
agglomerate)  . 

S  Sedimentary  (undifferentiatea)  -  Rocks  formed  by  accumula¬ 
tion  of  clastic  solids,  organic  solids  and/or  chemically 
precipitated  minerals. 

51  Arenaceous  and/or  Siliceous  Rocks  -  Composed  of  sand 
size  particles  (e.g.,  sandstone,  orthoquartzite)  or  of 
cryptocrystalline  silica  (e.g.,  opal,  chert). 

52  Carbonate  Rocks  -  Composed  predominantly  of  calcium 
carbonate  detritus  or  chemical  precipitates  (e.g., 
limestone,  dolomite,  chalk); 

53  Argillaceous  Rocks  -  Composed  of  clay  and  silt-sized 
particles  (e.g.,  siltstone,  shale,  claystone) . 

54  Evaporite  Rocks  -  Precipitated  from  solution  as  a 
result  of  evaporation  (e.g.,  halite,  gypsum,  anhydrite, 
sylvite) . 

35  Coarse  Clastic  Rocks  -  Composed  of  gravel  sized  or 
larger  clasts  (e.g.,  conglomerate,  oreccia)  . 

M  Metamorphic  (undifferentiated)  -  Rocks  formed  through 
recrystallization  in  the  solid  state  of  preexisting  rocks 
by  heat  and  pressure  (e.g.,  gneiss,  schist,  hornfels, 
metaquartzite) . 
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EXPLANATIONS  OF  GROUND-WATER  DATA 

Existing  ground-water  data  were  collected  from  all  available 
sources.  These  data  were  updated  where  possible  from  measure¬ 
ments  taken  during  Fugro  field  operations,  and  all  data  are 
shown  on  Table  2-1.  Locations  of  water  wells  and  boreholes  in 
which  water-level  measurements  were  available  are  shown  in 
Drawing  1.  Well  numbers  listed  in  Column  1  (Table  2-1)  refer 
to  well  locations  in  Drawing  1.  Actual  well  numbers  giving 
location  according  to  the -Bureau  of  Land  Management  Land 
Survey  System  are  shown  in  Column  2. 

Water  levels  generally  refer  to  the  static  ground-water  table 
in  the  unconfined  basin-fill  aquifer.  Perched  conditions  or 
levels  in  artesian  aquifers  are  noted  where  known. 


FH-TR-27-II 


NELL 

NO. 

NELL  LOCATION 
NUMBER* 

ELEVATION 

OF  GROUND 
SURFACE  - 
FEET 

(METERS) 
ABOVE  M.S.L. 

DEPTH  OF 
WELL  - 
FEET 

(METERS) 

Wl 

i4S/llW-29c 

5600 

. 

(1707) 

W2 

14S/12W-34d 

5193 

- 

(1583) 

- 

W3 

15S/12W-20b 

5190 

- 

(1582) 

- 

W4 

15S/12W-25 

5210 

- 

(1538) 

W5 

16S/llW-17d 

5145 

- 

(1568) 

W6 

17S/10W-14bb 

4649 

204. 

(1417) 

(62) 

W7 

17S/10W-20C 

4770 

- 

(1454) 

W8 

17S/11W-3C 

4950 

- 

(1509) 

W9 

ias/iow-3 

4625 

- 

(1410) 

WlO 

18S/10W-26bda 

4580 

280 

(1396) 

(85) 

Wll 

18S/10W-28 

4620 

- 

(1408) 

W12 

18S/llW-5dbb 

4880 

565 

(1487) 

(172) 

W13 

18S/12W-5 

5390 

542 

(1643) 

(165) 

W14 

19S/10W-6d 

4680 

592 

(1427) 

(180) 

W15 

19S/llW-21d 

4765 

- 

(1452) 

W16 

19S/llW-28bad 

4670 

524 

(1423) 

(160) 

WATER  LEVEL 


DEPTH 

BELOH 

GROUND  “*tE 
SURFACE  -  ••E*SIIRED 
FEET 

(METERS) 


100 

(30) 

700-800 

213-244 

800 

(244) 

800 

(244) 

700 

(213) 

116 

(35) 

200-300 

(61-91) 

250-350 

(76-107) 


(30-61) 

48 


(30-61) 

250 

(76) 

250 

(76) 

190 

(58) 

215 

(66) 

217 

(66) 


REFERENCES**/ 

REMARKS 


5500 

(1676) 
4393-4493 
(1339-1370)  2 
4390 

(1338)  2 

4410 

(1344)  2 

4445 

(1355)  2 

4533 

(1382)  1 

4470-4570 
(1363-1393)  2 
4600-4700 
(1402-1433)  2 
4425-4525 
(1349-117,9)  2 
4532 

(1381)  1 

4420-4520 
(1347-1378)  2 
4630 

(1411)  1 

5140 

(1567)  3 

4490 

(1369)  2 

4550 

(1387)  2 

4453 

(1357)  3 


In  Rock 


•Salt  Lake  Baseline  and  Meridian 
* ‘References : 

1.  Mower  and  Feltis  (1964)  -  - 

2.  Snyder  (1963)  -  All  depths  to  water  are  estimated 

3.  Utah  State  Engineers  Office  (1979) 
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NOTE;  All  walls  tap  unconflnad  alluvial  aquiftta  aieapt 
whara  notad  Hhara  puDliihad  data  ara  lackini  or 
Inaecurata.  ground  surlaea  alavatlona  ara  takan 
I  roia  topograpliie  maps. 
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WELL 

NO. 

WELL  LOCATION 
NUMBER* 

ELEVATION 

OF  GROUND 
SURFACE  - 
FEET 

(METERS) 
ABOVE  M.S.L. 

DEPTH  OF 
WELL  - 
FEET 
(METERS) 

WATER  LEVEL 

REFERENCES**/ 

REMARKS 

DEPTH 
SELOir 
GROUND 
SURFACE  - 
FEET 

(METERS) 

DATE 

MEASURED 

ELEVATION  - 
FEET 
(METERS) 
ABOVE 

M.S.L. 

W17 

19S/12W-27d 

4700 

250-350 

4350-4450 

(1433) 

(76-107) 

(1326-1356) 

2 

W18 

19S/12W-30abb 

5090 

560 

DRY 

1936 

4530+ 

(1551) 

(171) 

(1381+) 

1,  3 

W19 

2lS/13W-la 

4720 

176 

DRY 

- 

4544+ 

(1286) 

(54) 

(1385+) 

2 

W20 

21S/13W>10 

4980 

660 

422 

1935 

4558 

(1518) 

(201) 

(129) 

(1389) 

3 ,  In  Rock 

W21 

22S/12W-20b 

4560 

- 

200-300 

- 

4260-4360 

(1390) 

61-91 

(1298-1329) 

2 

*  Salt  Lake  Baseline  and  Meridan 
**  References: 

1.  Mower  and  Feltis  (1964) 

2.  Snyder  (1963)  -  All  depths  to  water  are  estimated 

3.  Utah  State  Engineers  Office  (.1979) 


NOTE;  Alt  »«lls  tap  unconllnad  alluvial  aquittra  aictpt 
»htrt  notid.  fhart  puOlishad  data  art  tacking  or 
inaeeuratt.  ground  turlact  titvaliona  art  taktn 
fron  topograoliic  maps. 
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EXPLANATIONS  OF  SEISMIC  REFRACTION  DATA 

Each  figure  shows  seismic  wave  travel  times  plotted  versus  sur¬ 
face  distance  between  the  energy  source  (shot)  and  the  detector 
(geophone)  for  a  single  seismic  line.  Distances  are  measured 
along  the  line  from  geophone  number  1  which  is  designated  as 
zero  distance.  Distances  to  the  right  (on  the  paper)  of  geo¬ 
phone  1  are  positive.  The  direction  arrow  gives  the  approxi¬ 
mate  direction  of  the  geophone  array  from  geophone  1  to  geo¬ 
phone  24. 

Travel  Time  Versus  Distance  Graph  (Upper  Half  of  Figure) 
This  is  a  travel  time  versus  distance  graph.'  The  abscissa 
represents  distance;  the  ordinate,'  time.  The  six  vertical 
lines  represent  the  locations  of  shots  (designated  as  F,  G,  H, 
I,  J,  and  K) ,  The  symbol,  X,  denotes  travel  times  at  geophones 
that  were  located  to  the  right  of  a  shot.  The  symbol,  ®, 
denotes  travel  times  that  were  located  to  the  left  of  shots. 

Velocity  Cross  Section  (Lower  Half  of  Figure) 

This  is  an  interpreted  velocity  cross  section  beneath  the  seis¬ 
mic  line.  The  top  line  represents  the  ground-surface  profile. 
The  short  vertical  lines  crossing  the  top  line  mark  the  geo¬ 
phone  positions.  The  depth  scale  is  plotted  relative  to  a 
point  on  the  line  which  was  arbitrarily  chosen  as  "zero  eleva¬ 
tion"  at  the  time  the  line  was  surveyed.  The  additional  lines 
across  the  cross  section  represent  the  interpreted  boundaries 
between  layers  of  material  with  different  compressional  wave 
velocities.  These  boundaries  are  commonly  called  "refractors". 
The  velocity  interpreted  to  be  representative  of  each  layer  is 


shown . 
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EXPLANATIONS  OF  ELECTRICAL  RESISTIVITY  DATA 

Each  figure  in  this  section  presents  the  data  obtained  from  a 
resistivity  sounding  and  a  tabulated  model  of  resistivity 
layers  that  would  produce  a  curve  similar  to  the  observed 
curve. 

The  upper  portion  of  the  figures  is  a  graph  in  which  measured 
apparent  resistivity  values  in  ohm-meters  are  plotted  versus 
one-half  the  distance  between  the  current  electrodes. 

The  interpreted  model  tabulated  at  the  bottom  of  the  page  shows 
a  combination  of  true  resistivity  layers  and  thicknesses 
obtained  by  matching  theoretical  curves  to  the  field  curve. 
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EXPLANATIONS  OF  GRAVITY  DATA 

Gravity  data  were  not  available  in  time  (prior  to  June  1979) 
for  incorporation  into  this  report.  A  suppl emental  report 
containing  gravity  data  and  results  will  be  issued  at  a  later 
date. 
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EXPLANATIONS  OF  BORING,  TRENCH,  AND  TEST  PIT  LOGS 

All  data  from  borings,  trenches,  and  test  pits  are  presented  on 
standard  Fugro  National  logs  in  Sections  6.0  and  7.0.  The 
following  explanations  are  provided  as  a  key  to  the  logs. 

A.  Designations  -  Borings,  trenches,  and  test  pits  are  identi¬ 
fied  as  follows: 

WW-B-1 

WW  -  abbreviation  for  the  site  (e.g.,  WW-Whir Iwind) 

B  -  abbreviation  for  activity  (e.g.,  B-boring,  T-trencn, 
P-test  pit) 

1  -  number  of  activity 

B.  Sample  Type  -  Different  sampling  techniques  were  used  and 
the  symbols  are  explained  at  the  bottom  of  the  boring  logs. 
For  details  of  sampling  techniques,  see  Section  A5.0  of 
Appendix  in  Volume  I.  Horizontal  lines,  to  scale,  indicate 
the  depth  where  sampling  was  attempted. 

C.  Percent  Recovery  -  The  numbers  shown  represent  the  ratio 
(in  percent)  of  the  soil  sample  recovered  in  the  sampler  to 
the  full  penetration  of  the  sampler. 

D.  N  Value  -  Corresponds  to  standard  penetration  resistance, 
which  is  number  of  blows  required  to  drive  a  'standard 
split-spoon  sampler  for  the  second  and  third  of  three 
6-inch  (15  cm)  increments  with  a  140-pound  (63.5  kg)  hammer 
falling  30  inches  (76  cm)  (ASTM  D  1586-67)  . 

E.  Depth  -  Corresponds  to  depth  below  ground  surface  in  meters 
and  feet. 

F.  Lithology  -  Graphic  representation  of  the  soil  and  rock 


types. 
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G.  uses  -  Unified  Soil  Classification  System  (see  Table  6-1 
for  complete  details)  symbols. 

H.  Soil  Description  -  Except  in  cases  where  samples  were 
classified  based  on  laboratory  test  data,  the  descriptions 
are  based  on  visual  classification.  The  procedures  out¬ 
lined  in  ASTM  D  2487-69,  Classification  of  Soils  for 
Engineering  Purposes,  and  D  2488-69,  Description  of  Soils 
(Visual- Manual  Procedure)  were  followed.  Solid  lines 
across  the  column  indicate  known  change  in  strata  at  the 
depth  shown. 

Definitions  of  some  of  the  terms  and  criteria  to  describe 
soils  and  conditions  encountered  during  the  exploration 
follow . 

Gradation  :  A  coarse-grained  soil  is  well  graded  if  it 
has  a  wide  range  in  grain  size  and  substantial 
amounts  of  most  intermediate  particle  sizes. 

Poorly  graded  indicates  that  the  soil  consists 
predominantly  of  one  size  (uniformly  graded) 
or  has  a  wide  range  of  sizes  with  some  inter¬ 
mediate  sizes  obviously  missing  (gap-graded)  . 

Moisture  :  Dry  -  no  feel  of  moisture 

Slightly  Moist  -  much  less  than  normal  moisture 
Moist  -  normal  moisture  for  soil 

Very  Moist  -  much  greater  than  normal 

moisture 

-  for  soils  below  the  water 
table  (if  known) 
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Consistency:  Consistency  descriptions  of  coarse-grained 

soils  (GW,  GP,  GM,  GC,  SW,  SP ,  SM,  SC)  are  as 
follows. 


N  Value 


Consistency 

(ASTM  D  1586- 

■67) 

Very  Loose 
Loose 

Medium  Dense 
Dense 

Very  Dense 

0-4 

4-10 

10  -  30 

30  -  50 
>50 

Consistency 

descriptions  of 

fine-grained 

soils  (ML,  CL,  MH, 

Ca , )  are 

as  follows: 

Consistency 

Shear 

Cof) 

Strength 
( kn/m^) 

Field  Guide 

Very  Soft 

0.25 

12 

Sample  with 
height  equal  to 
twice  the  diam¬ 
eter,  sags  under 
own  weight 

Soft 

0.25- 

0.50 

12  - 
24 

Can  oe  squeezed 
between  thumb  and 
foref inger 

Firm 

0.50- 

1.00 

24- 

48 

Can  be  molded 
easily  with 
f ingers 

Stiff 

1.00- 

2.00 

48- 

96 

Can  be  imprinted 
with  slight  pres¬ 
sure  from  fingers 

Very  Stiff 

2.00- 

4.00 

96- 

192 

Can  be  imprinted 
with  consideraole 
pressure  from 
fingers 

Hard 

over 

4.00 

over 

192 

Cannot  be  im¬ 
printed  by 
fingers 

Grain  Shape:  Angular  -  particles  have  sharp  edges  and 

relatively  plane  sides  with 
unpolished  surfaces. 


FN-TR-27-II 


Subangular  -  particles  are  similar  to  angular 
but  have  somewhat  rounoed 
edges. 

Subrounded  -  particles  exhibit  nearly  plane 
sides  but  have  well-rounded 
corners  and  edges. 

Rounded  -  particles  have  smoothly  curved 
sides  and  no  edges. 

Calcareous  :  Containing  calcium  carbonate;  presence  of  cal¬ 
cium  carbonate  is  commonly  identified  on  the 
basis  of  reaction  with  dilute  hydrochloric 


Caliche 


acid. 

Soils  cemented  by  porous  calcium  carbonate 
and/or  other  soluble  minerals  by  upward-moving 
solutions . 


Degree  of 
Cementation; 


(Stages  of  development  of  caliche  profile) 


Stage  Gravelly  Soils 


Nongravelly  Soils 


Thin,  discontinu-  Few  filaments  or 
ous  pebble  coatings  faint  coatings 


Continuous  pebble 
coatings,  some 
interpebble  fill¬ 
ings 

Many  interpebble 
fillings 


Laminar  horizon 
overlying  plugged 
horizon 


Few  to  abundant 
nodules,  flakes, 
filaments 


Many  nodules  and 

internodular 

fillings 

Increasing  caroon- 
ate  impregnation 


Secondary 

Material  ;  Example  -  Sand  with  trace  to  some  silt 

Trace  -  5-12%  (by  dry  weight) 

Little  -  13-20%  (by  dry  weight) 

Some  -  >21%  (by  ory  weight) 


jllMIIO 


MMTNINMt.. 


♦ 
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Plasticity  :  Plasticity  index  is  the  range  of  water  con¬ 
tent,  expressed  as  a  percentage  of  the  weight 
of  the  oven-dried  soil,  through  which  the 
soil  is  plastic.  It  is  defined  as  the  liquid 
limit  minus  the  plastic  limit.  Descriptive 
ranges  used  on  the  logs  include: 

Nonplastic  (PI,  0  -  4) 

Slightly  Plastic  (PI,  4  -  15) 

Medium  Plastic  (PI,  15  -  30) 

Highly  Plastic  (PI,  >31) 

Cobbles  and 

Boulders  :  A  cobble  is  a  rock  fragment,  usually  rounded 
by  weathering  or  abrasion,  with  an  average 
diameter  ranging  between  3  and  12  inches  (d 
and  30  cm) . 


A  boulder  is  a  rock  fragment,  usually  rounded 
by  weathering  or  abrasion,  with  an  average 
diameter  of  12  inches  (30  cm)  or  more. 


I.  Remarks  -  This  column  was  provided  on  boring  and  trench 
logs  for  comments  regarding  drilling  difficulty,  number  and 
size  of  cobbles  or  boulders  encountered,  trench  wall 
stability,  loss  of  drilling  fluid  in  the  boring,  and  other 
conditions  encountered  during  drilling  and  excavations. 

J.  Dry  Density  and  Moisture  Content  -  The  boring  logs  include 
a  graphical  display  of  laboratory  test  results  for  dry 
density  (ASTM  D  2937-71)  in  pounds  per  cubic  foot  and 
kilograms  per  cubic  meter  and  moisture  content  (ASTM 
D  2216-71)  in  percent  from  representative  samples  taken 
during  drilling.  The  symbols  are  explained  at  the  bottom 


FN-TR-27-II 


6-7 


K.  Seive  Analysis  -  The  numbers  represent  the  percentage  by 

dry  weight  (ASTM  D  422-63)  of  each  of  the  following  soil 

components: 

GR  -  Gravel,  rock  particles  that  will  pass  a  3-inch  (76  mm) 
sieve  and  are  retained  on  No.  4  (4.75  mm)  sieve. 

SA  -  Sand,  soil  particles  passing  No.  4  sieve  and  retained 
on  No.  200  (0.075  mm)  sieve. 

FI  -  Fines,  silt  or  clay,  soil  particles  passing  No.  200 
sieve. 

L.  Atterberg  Limits  (LL  and  PI)  - 

LL  -  Liquid  Limit,  the  water  content  corresponding  to  the 
arbitrary  limit  between  the  liquid  and  plastic  states 
of  consistency  of  a  soil  (ASTM  D  423-66) . 

PL  -  Plastic  Limit,  the  water  content  corresponding  to  an 
arbitrary  limit  between  the  plastic  and  the  semisolid 
state  of  consistency  of  a  soil  (ASTM  D  424-59). 

PI  -  Plasticity  Index,  numerical  difference  between  the 
liquid  limit  (LL)  and  the  plastic  limit  (PL)  indicat¬ 
ing  the  range  of  moisture  content  within  which  a 
soil-water  mixture  is  plastic. 

NP  -  Nonplastic. 

M.  Miscellaneous  Information  - 

-  indicated  elevations  on  the  logs  are 
estimated  from  topographic  maps  of  the 
study  area,  within  an  accuracy  of  half 
the  contour  interval. 


indicates  the  surficial  geologic  unit  in 
which  the  activity  is  located. 

indicates  the  period  from  beginning  to 
completion  of  the  activity. 


-  signifies  the  type  of  drilling  procedure 
used  such  as  rotary  wash. 

-  nominal  size  of  boring  drilled. 

-  indicates  depth  from  ground  surface  to 
water  table  where  encountered. 


Elevations 


Surficial 
Geologic  Unit 


Date  Drilled 


Drilling 

Method 

Hole  Diameter 
Water  Level 


MATM 
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Trench  Length  -  length  at  ground  surface  of  final  trench 
excavation. 

Trench 

Orientation  -  bearing  of  longitudinal  trench  centerline. 


I 


EXPLANATION  BORING  DETAILS 

D  FUGRO  DRIVE  SAMPLE  ELEVATION  t  5033*  (1534in) 


I 


vlMi  IF  mill  W-l-l 
TERIFiCITIM  SITE.  NIILIIII  CIP.  ITIM 


Ml  SITING  INVESTIGIIION 
DEPUNTHENT  Of  TNC  «IN  fONCf  S«HSO 


FlMIt 

B-1 


A 


NR  -  NO  RECOVERY 


CLATET  SMO.  rad  brom.  fina  ta 
cearsa.  paorlf  gradad.  varr  dansa. 
Sg  tubaniulat,  calcaiaout;  littia 
tilfhtly  plastic  clay. 


f  litti*  tilt 


rill  ehittir 
lOM  fluli 
lots, 

oecitlonal 

CDbblii 


fKTr  im.  ,.TIw  kr»M  m.  U 
130- ^  1  potrlf  eradad.  *ari  Pan«c.  ealeartous; 


-MOISTURE  CONTENT  (ASTM;  0-2216-71) 


Tim  lEPTN  IN. I*  (4S.7h) 


SECTION  7.0 


TRENCH  AND  TEST  PIT  LOGS 
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EXPLANATIONS  OF  TRENCH  AND  TEST  PIT  LOGS 


See  Section  6.0,  "Boring  Logs",  for  explanations. 


*|traNMI  NATH 


L.  Ift 


CNCCRIO  •» _ I _ APRROViO  IV 
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TRENCH  DETAILS 
sumce  ELEVATtON 
DATE  EXCAVATED 
SURFICIAL  SE0L08IC  UNIT 
TRENCH  LENOTH 
TRENCH  ORIENTATION 


9033*  (1934a) 
19  OCT  1979 
A4t 

17.9*  (5.3a) 
ENE'-  n« 


LOG  OF  TRENCH  NV-T-t 
VERIFICATION  SITE.  WHIRLWIND  COP.  UTAH 

MI  SITING  INVESTIGATION 
OEPARTMENI  OF  THE  HR  FORCE  -  SAMSO 


m 
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DEPTH 


SOIL  DESCRIPTION 


REMARKS 


SIEVE 

ANALYSIS 


GR  SA  F I 


LL  PI 


0  D 


CL 


stiff 


SANDY  CLAY,  li|ht  bco«n,  sliflitly 
■aitt,  sliglitly  pitttie,  csicsriout: 
SOBS  fins  ts  esarst  sand:  stais  I 
cal iehs  (0.0'-4. 5' ). 


V'*:  ••• 
»  »  I  *  0  • 

•** 


«  o  •' 


h2 


'•a  %  O, 

o  «  •  •  •  « 

,  > ;  ‘  • ' 
•  0  0  .  9 


SANDY  GRAVEL,  brown,  fins  to  coarsa, 
poorly  tradsd,  slightly  aoiat,  lub- 
roundsd  to  roundad,  calcaraoua;  sons 
fins  to  coarsa  subroundsd  sand;  Isysr 
of  gravsily  sand  ( 10. O’-l I . S ' ). 


2S 


74 


38 


15 


DP 


vortical 
sails  a  tab  I  a 


8-^ 


)-3 


10 


.*0  • .  *0 

.  0 «  9  0 

rt  *  *  9  •*« 
>  • 
9%  0 

a  a  A  9 « 

• a«  a 

VjUi 


vary 

danas 


,9  . 


SP 


•  a  ■  o’; 

’’o*« 

a  a  .  • 


6P 


h4 


TOTAL  DEPTH  13.0'  (4.0b) 


h5 


14-^ 


16H 


18^ 


20H 


TRENCH  DETAILS 


SURFACE  ELEVATION  :  3003*  (IS2SB) 

DATE  EXCAVATED  :  20  OCTOOER  1978 

SURFICIAL  GEOLOGIC  UNIT;  A9y/A4a 

TRENCH  LENGTH  :  19.0*  (4.0b) 

TRENCH  ORIENTATION  ;'E-I 


LD6  OF  TRENCH  NV-T-3 
VERIFICATION  SITE.  WHIRLWIND  COP.  UTAH 


MI  SITING  INVESTIGATION 
DEPARTMENT  OF  THE  AIR  FORCE  -  SAMSO 


■  MC. 


AD-A113  32%  FUeRO  NATIONAL  INC  .L0N6  BEACH  CA  P/6  8/13 

MX  SITING  INVESTIGATION.  GEOTECHNICAL  EVALUATION.  VOLUME  t|.  NE— ETC(U) 
AUG  79  FO%70%-7G-^-0027 

UNCLASSIFIED  FN-TR-27-V0L-2  NL 


~AI  0) 


TRENCH  DETAILS 

SURFACE  ELEVATION  :  902S'  (1932a) 

DATE  EXCAVATED  :  22  OCTOIER  10T8 

SURFICIAL  OEOLOOIC  UNIT;  A9y/A4« 

TRENCH  LENGTH  ;  14.0*  (4.3a) 

TRENCH  ORIENTATION  ;  E  -  ff 


‘  A 


fW-TH-27-l I 


SOIL  DESCRIPTION 


BRAVELLV  SMO,  broan,  tint  to  eoarto, 
■odtua  grodad,  alightly  aaiat,  tub- 

danaa  angulaf.  ealeataaya:  laaa  tina  ta 

eatraa  aubangular  graval;  aaaa  aill. 


REMRRS 


SIEVE 

ANALYSIS 


3S  39  28 


SANDY  GRAVEL,  bfoan,  lino  ta  coaraa. 
paarly  gradad,  allghtly  aolat,  lub- 
aagular,  ealearaoua:  taaa  fina  ta 
eaataa  aubangular  aand;  traca  tilt. 


yartieal 
nails  stabla 


TOTAL  depth  12.5*  (3.8a) 


TRENCH  PETRUS 

SURFACE  ELEVATION 
DATE  EXCAVATED 
SURFICIAL  8E0L08IC  UNIT 
TRENCH  LEN8TH 
TRENCH  ORIENTATION 


SOSB*  (1S42a) 

23  OCTOtER  1978 
A9y/A4a 
13.5*  (4. la) 
mr  -  SE 


;loe  OF  TRENCH  mi-T<4 
VERIFICATION  SITE.  NHIRLNINO  COP 

UTAH 
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SOIL  DESCRIPTION 


SILTY  CLAY,  broan,  tliihlly  aeltt, 
plMtle,  eileiraout;  toat 
(in*  to  eoartt  sand. 


8RAVCLLY  SANO.  broan.  fina  to  eoorto. 
poorly  iradad.  tubaniular,  ealearaauo; 
toaa  fina  to  eaarta  tubanpular 
traval;  littia  tilt;  otoia  I  calieha. 


REMARKS 


SIEVE 

ANALYSIS 


iQiQBiQiaii 


TOTAL  DEPTH  S.O'  (1.5a) 


LOO  OF  TEST  PIT  WN-P-l 


SURFACE  ELEVATION:  5300’  (1040a) 
SURFICIAL  GEOLOeiC  UNIT;  ASI 


SILTY  CLAY,  broan.  tli|htly  aolot. 
tlifblly  plaatie.  ealeoraouc;  littia 
fina  to  eaaraa  tandj  traea  fina  to 
eaaraa  graval.  itaia  I-H  ealielio 
(l.2’-2.2'). 

GRAVELLY  SAND,  broan.  lino  to  eoaron. 
poorly  iradad.  ealearoouo;  loaa 
fina  to  eaaria  iraval;  traea 
eabblaa  to  4”  tiza;  ttaia  I  eolleha. 

TOTAL  DEPTH  4.0’  (l.2n) 

1 

LOO  OF  TEST  PIT  i»-P-2 


•  LOGS  OF  TEST  PITS  NM-P-1  ANO  im-P-2 
'VERIFICATION  SITE.  INIRLNINO  COP.  UTAH 

Ml  SITING  INVESTIGATION 
OEPbRTMENT  OF  THE  HR  FORCE  -  SAHSO  7-7 


2XIIM3II 


IDEDIDQIIll 


Minili3230  JI02 


.•ti(09  At  Anil  .nnAid  .0MA2  YJJ3VAil8 
;aUAA1t3lAA  .  lAluinAdMA  ,.bjt)lA1|.  yI  w.q. 

liluinadut  aaiaaa  at  anil  abaa 
ItnaitAAAA  ;tlia  Aittil  :lAvti| 
.Asit  "X  At  lAlddAA 


re  iA  o»  er 


(as.r)  'O.A  HT430  JATOT 


e-3-«ni  TM  T23T  30  30J 


anif  .(lAAid  ,sm  rmj}  -  mz  njiz 

iAlu|ntduA_.bAbAi|  Ylrd*4  .AtitAa  At 
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-duA  aaisaa  At  Anil  aittil  :tiiA 
.ariAilAA  I  A|AtA  ;lAvai|  lAluina 


, AAIAAA  At  anil  .nMid  .OHAe  rjJ3VA88 
-Iaa  .lAluinsduA  .babaii  xiraAq 
laluinaduA  .aaiaaa  at  anil  ;auaaiaa 
lAnaiABAAA  ;tliA  aittil  :Iavaii 
.AltailAA  I  A|AtA  ;AArA  ”8  At  AAlddAA 


(BA.t)  ’S.A  HT430  JATOT 


M-«W  TI3  TZ3T  30  30 J 


M-WW  ONA  e-3-WW  2TI3  T23T  30  230J. 
HATU  .303  ONIWJOIHW  ,3TI2  H0tTA3l3l33T; 

'***'  MirA3ir23VMI  3MITI2  IM 

B-T  OZMAZ  -  33801  8lA  3MT  30  Tt(3l(T8A830 


(Btsat)  *0eAe  :l«ITAV3J3  33A38U2 
IBA  :TIMIt  31883038  JAI3I38U8 


nuibaa 

AAnab 


(aoeat)  ‘ooee  ;MirAV3J3  33A38U8 
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/////// 

/////// 

/////// 

/////// 

/////// 

/////// 

/////// 


sou  DESCRIPTION 


SANOr  cur.  ^roM.  tlightlf  MUt. 

tllghtly  plastic,  ealearaouc:  saaa 
flat  ta  eaaraa  tand;  littia  fina 
ta  caarca  tabangular  gravel; 
ftaga  I  ealleha. 


REMARKS 


SIEVE 

AMirSlS 


iQiQQioscai 


6RAVELLY  SAND,  bro.n,  (int  to  eoartt. 
Ooorly  t'odod,  tubaniultr,  etiearaout: 
toao  lino  to  eoorto  tubongular  iroool; 
littio  tilt;  oeeocionol  eobbloo  to  6' 
tixo:  otofo  I  ealieho. 


TOTAL  DEPTH  S.O*  (I.Sa) 


MAtTELLT  SANO.  |Y«r.  Hi*  >»  eoaroo. 
pootly  iradod.  antular,  ealearaaua: 
aaaa  (ina  ta  eaaraa  antular  iraval: 
aaatharad  tuff  (2.S’-3.0'). 


aneountarad 
rock  at  3.0' 


CNiciit  •» _ _ Z_ _ If 
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SOIL  OESCRIPTION 


SILTY  CUT.  bra«n.  dry.  illihtly 
pintle,  ealeirioui;  triei  line 
lied. 


SIEVE 

ANALYSIS 


BiEininini| 


SILTY  GRAVEL,  brown,  lino  to  eoorio. 
poorly  pradod.  tubonfulor,  col- 
enroouo:  little  lino  to  eoorto  tend: 
little  lilt. 


SURFACE  EUVATI0N;49ir  (14fl7«) 
SURFICIAL  GEOLOflie  UNIT;  A4o 


TUTAL  OEFTH  S.O*  (I  .Sa) 


LOG  OF  TEST  PIT  WW-P-7 


SURFACE  ELEVATION; 
SURFICIAL  CEOLORIC  UNIT 


LOG  OF  TEST  PIT 


LOG  OF  TEST  PIT  WW-P-L 
VERIFICATION  SITE,  RNIRLRINO  COP,  UTAH 

MX  SITING  INVESTIGATION  '*** 
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SOIL  DESCRIPTION 


SILTY LlJU  <•  eaarta, 
paarly  t**<l«<l.  tabrauadad,  ealearaaaa: 
Itttia  tilt:  littia  lina  ta  eaarta 
tttbtaaadad  ftaval. 


REMARKS 


siEve 

ANALYSIS 


lEIlElBIISal 


is  69  16 


6RAVELLY  SAND,  gray  braan,  ffna  te 
eaarta.  paarly  gradad.  tubangular, 
ealearaaat;  taaa  ffna  ta  eaarta 
tubangular  gratal;  traea  raundad 
eabblat  ta  9**  tiza:  layer  al 

SP  -adlu. 


tartfcal 
nallt  atabla 


SILTY  SAND,  brown,  fine  to  eaarta, 
paarly  gradad.  tubangular,  eal- 
danaa  earaoua. 


rartieal 
walla  ttabla 


LOG  OF  TEST  PIT  WM»-8 


'.LOG  OF  TEST  PIT  WM-P-G 
VERIFICATION  SITE.  IHIRLMIND  COP. 

UTAH 

HI  siting  investigation 
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LOGS  OF  TEST  PITS  «»-P-IO  ANO  MkP-ll 
VERIFICATION  SITE.  RHIRLfflNO  COP.  UTAH 
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QEPIRTMENT  Of  THE  IIP  FORCE  -  SRHSO  7*1 


SOIL  DESCRIPTION 


SMDT  CUV.  brtm.  tllfhtly  plittie 
!•  OMtt*  sand; 
Iraet  fiaa  to  caafia  giavat. 


SANOV  MAVEL,  gtay  btaaa,  lina  ta 
eeataa,  paarly  yradad,  tubrauadad, 
ealearaaaa;  aaaa  aadiaa  ta  eearta 
6P  daaaa  aaad:  atapa  I  eat ieha. 


LOG  OF  TEST  PIT  IIW-P-12 


SANOV  CUV,  braaa.  tliihtly  plaatle, 
ealearaaaa:  aaaa  flaa  ta  eaaraa  aaad; 
traea  liaa  ta  eaaraa  praral.;  ataga 

I  eaiicba. 


SANOV  ORAVEL,  gray  braaa,  liaa  ta 
eaaraa,  paarly  pradad,  aubtauadad. 
ealearaaua;  aaaa  aadiua  to  eaaraa 
aaad;  ataia  n  ealieha 


TOTAL  DEPTH  3.5*  (l.ta) 


LOG  OF  TEST  PIT  WN-P-IS 


REMARKS 


SIEVE 

ANALYSIS 


lEEIQQl^ 


eaaaatatioa  aad 
aail  atraapth 

aaeaadad 

eapaei ty  al 
Caaa  5800 
baekhea  at  3.0' 


eaaaatatioa  aad 
aail  atraapth 

aaeaadad 

capacity  a I 
Caaa  5800 

baekhaa  at  3.5' 


LOSS  OF  TEST  PITS  NN^P-IS  ANO.im-P-13 
VERIFICATION  SITE.  NHIRLNIND  COP,  UTAH 

Ml  SITING  INVESTIGATION  '*** 
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CHfCICO  •»__  .  .  _  APP*0»EO  IT 
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CL  (tiff 


SOIL  DESCRIPTION 


SILTY  CLAY,  braan,  t lightly  aoitt, 
allghtly  plattle,  eileiitoMt; 
littia  lina  ta  eaaraa  tang. 


SANDY  CLAY,  light  braan,  tllghtly 
■altt,  tllghtly  plattle,  cal- 
etraaat;  taaa  fina  ta  eaarta  tand; 
littia  fIna  ta  eaartt  tubraundad 
graval;  ttaga  I  ealieht. 


REMARKS 


SIEVE 

ANALYSIS 


IG301Q1Q1QII 


SURFACE  ELEVATION:  S480‘  H«70b) 
SURFICIAL  GEOLOGIC  UNIT:  ASI' 


SANDY  GRAVEL,  braan,  fina  ta  eaartt. 
paarly  graded,  tllghtly  aaitt.  tub¬ 
raundad.  calearaaut; tana  lint  ta  eaartt 
tand;  trace  tilt;  stage  I  ealieht. 


TOTAL  DEPTH  5.0*  (l.Sa) 


LOG  OF  TEST  PIT  WW-P-15 


SILTY  SAND,  braan,  lint  ta  eaarta. 
pearly  graded,  ealearaaut;  seat 
silt;  traea  lint  gravel;  stage  I 
cal icha 


aadiua 

dantt 


6  58  38 


GRAVELLY  SAND,  gray  braan,  lint  ta 
eaarta.  paarly  graded,  ealearaaut: 
sa«e  line  ta  eaarta  tubraundad 
gravel;  stage  I  ealieht 


SURFACE  ELEVATION:  5147*  flSSfla) 
SURFICIAL  GEOLOGIC  UNIT:  A3y/A4a 


TOTAL  DEPTH  5.0*  (1  .5a) 


LOG  OF  TEST  PIT  WW-P-18 


LOGS  OF  TEST  PITS  NV-P-IS  ANO  NW-P-16 
VERIFICATION  SITE.  NHIRLRINO  COP.  UTAH 

HI  SITING  INVESTIGATION  '***' 
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SOIL  DESCRIPTION 


SAHOY  SILT,  btawn,  tli|litl|r  plattie, 
caleacaoMt;  aoaa  (ina  to  eoaraa  tana; 
1 1  ra  ttaia  I  cal ieha. 


REMARKS 


ANALYSIS 


IQIBIBIIBDII 


83  so  19 


SANOr  GRAVEL,  tight  broan.  fina  to 
caaraa.  paofly  gradad.  lubroundad. 
eaicaraoua:  occational  eobblat  and 
bouldara  to  18"  liza:  itaga  XE 
calieha. 


TOTAL  DEPTH  3.Q*  (0.9a> 


lofi  atrangth 
and  eaaantation 

axeaadad 

capacity  of 
Caaa  5808 
backhaa  at  3.0' 


SURFACE  elevation;  9640'  (1719a) 
SURFICIAL  GEOLOGIC  UNIT;  A9o 


LOG  Of  TEST  PIT  WM-P-2I 


SILTY  SANO  -  CLAYEY  SAND,  broan. 
(ina  to  coarao,  poorly  gradad.  aub« 
,  raundad,  eaicaraoua;  aoaa  allghtly 
plaatie  ailt;  littia  (ina  roundad 

danaa 


SANOY  GRAVEL,  light  broan.  (ina  to 
eoaraa.  poorly  gradod.  subroundod, 
eaicaraoua;  aoaa  aadiua  to  eoaraa  aand; 
traea  silt;  oecaaional  cobbloa  and 
bouldara;  atago  I  calieha. 


17  98  2A  38  13 


aYlRFACE  ELEVAT  ION ;  9440'  (1890a) 
SURFICIAL  GEOLOGIC  UNIT;  A9y 


TOTAL  DEPTH  9.0'  (1.9a) 


LOG  OF  TEST  PIT  fll-P-22 


LOGS  OF  TEST  PITS  NW-P-21  AND  mM>>22 
VERIFICATION  SITE.  WHIRLWIND  COP,  UTAH 

HI  SITING  INVESTIGATION 
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soil  DESCRIPTION 


REMARKS 


SIEVE 

ANALYSIS 


LOG  OF  TEST  PIT  WW-P-25. 
VERIFICATION  SITE,  NHIRINIRO  COP,  UTAH 
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SECTION  8.0 


SURFICIAL  SAMPLE  LOGS 


A-V> 
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EXPLANATIONS  OF  SURFICIAL  SAMPLE  LOGS 

Finalized  logs  of  the  surficial  samples  are  presented  in  this 

section.  The  explanations  provided  here  are  to  serve  as 

general  guidelines  to  reading  the  logs. 

A.  Designations  -  Surficial  samples  are  identified  as  follows: 
SE-CS-1 

SE  -  abbreviation  for  the  site  (e.g.,  SE  -  Snake  East) 
CS  -  abbreviation  for  surficial  sample 
1  -  number  of  activity 

B.  Ground  Surface  Elevation  -  Indicated  elevations  on  the  logs 
are  estimated  from  topographic  maps  of  the  study  area 
within  an  accuracy  of  half  the  contour  interval. 

C.  Surficial  Geologic  Unit  -  Indicates  the  surficial  geologic 
unit  in  which  the  activity  is  located. 

D.  Depth  -  Indicates  depth  interval  for  which  soil  description 
is  given. 

E.  uses  -  Unified  Soil  Classification  Symbol;  see  Table  6-1  of 
Section  6.0,  "Boring  Logs",  for  details  of  USCS. 

F.  Soil  Description  -  Soil  is  described  based  on  field  visual 
descriptions  and/or  laboratory  test  results.  See  Section 
6.0,  "Boring  Logs",  for  procedures  of  soil  description. 

G.  Sieve  Analysis,  LL  and  PI  -  These  are  from  results  of 
laboratory  tests.  See  Section  6.0,  "Boring  Logs",  for 
explanation . 

NATiaNM.  INO. 

.  ,  .  .  -  - 


ni-TH-27-l  I 


ACTIVITY  SURFACE 
ELEVATIW 
NUMBER  FEET 
(METERS) 


ni-CS-3  4840 
(1475) 


WW-CS-7  SlOO 
(19S4) 


f«-CS-8  3212  AS I 

(1388) 


n-CS>l1  9340 
(1828) 


n-CS-19  3100 

(1994) 


n-CS-21  9213 

(1988) 


WM-CS-23  9300 
(1819) 


n-CS-24  9380 

(1834) 


WW-CS-28  9281 
(1813) 


SOIL  DESCRIPTION 


SM  SILTY  SAND.  Ilfht  brown  to  iroon, 
lino  to  wodlua.  poorly  irodod,  eol- 
eoroono;  loao  tilt. 


CL  SILTY  CLAY.  Ii|ht  brown,  tlifhtly 
plootie.  eoletroout;  troco  lino 
lond. 


SM  SILTY  SAND,  brown,  lino  to  eoorto. 
poorly  indod:  littio  tilt:  troco 
lino  srtvol . 


CL  'SILTY'CLAY.  Ii|ht  brown,  tlifhtly 
plottie.  eoletroout:  lIttIo  lino 
ttnd:  troco  lino  irtvol. 


CL  SILTY  CLAY.  Ilcht  brown,  tiightly 
plottie.  etletrtottt:  littio  lino 
to  wtdiuw  tend. 


ML  SANDY  SILT,  light  brown,  nonplottie, 
etieortout. 


SANO.  light  brown,  lint  to  eoorto, 
poorly  grtdod,  etieortout;  troeo 
tilt;  trteo  lino  grtvtl . 


CLAYEY  SAND,  brown,  lino  to  eoorto. 
poorly  grtdod.  etieortout:  towo 
tiightly  plottie  elty;  littio  lino 
grotoi . 

SANDY  GRAVEL,  tight  brown,  lino, 
pooriy  grtdod.  tubonguitr  to  tob- 
roondod,  eoletroout:  towo  lint  to 
eoorto  ttnd. 


SC  CLAYEY  SAND,  light  brown,  lino  to 
eoorto,  pooriy  grtdod.  eoleortout; 
towo  tiightly  plottie  cloy:  troco 
lino  grotoi. 


SANDY  GRAVEL,  light  brown,  lino  to 
eotrto.  poorly  grtdod,  tubroundod, 
eoletroout;  towo  lino  to  eoorto 
lond;  oeeotlonil  eobblot;  town  tilt. 


SIEVE 

ANALYSIS 


|0]QD1D]DI| 


87  29  3 


19  98  23 
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ACTIVITY 

SURFieiAL 

OEFTH. 

SOIL  DESCRIPTION 

SIEVE 

ELEVATION. 

8E0L08IC 

FEET 

uses 

ANALYSIS 

(METERS) 

UNIT 

(METERS) 

m 

□ 

m 

□ 

m 

n^S-27 

9340 

A9I 

0. 0-1.0 

CL 

SILTY  CLAY,  braan,  tli|htly  plaatie. 

(1820) 

(0.0-0. 3) 

ealearaaua:  traea  fina  sand;  traea 

Maa  grayal. 

1. 0-2.0 

GRAVEL.  Ilyhl  brawn,  (Ina  to 

(0.3-0. 8) 

1 

eaaraa.  paerly  gradad,  tubroundad, 
ealearaeut:  traea  sand. 

«W>4$-37 

9120 

A9y/A4« 

0. 0-2.0 

m 

SILTY  SAND,  brawn,  (ina  ta  eaaraa. 

(1981) 

(0.0-0.8) 

paarly  gradad,  tubangalar,  eal- 
earaout;  aaaa  lilt;  traea  fina  to 
eaaraa  graaal. 

n-4S-44 

4800 

AVA4* 

0. 0-2.0 

CL 

SANDY  CLAY,  light  brown,  alightly 

(1910) 

(0.0-0. 8) 

plaatie.  ealepraeua;  aaaia  (ina  aand. 

RR-CS-49 

9000 

A9y/A4a 

0.0-1. 9 

SC 

CLAYEY  SAND,  light  brown,  (Ina  ta 

17 

41 

42 

(1991) 

(0. 0-0.9) 

eaaraa.  poorly  gradad.  ealearaaua; 
aaaa  alightly  plaatie  elay;  little 
(ina  ta  eaaraa  graval . 

1. 9-2.0 

OF 

GRAVEL,  whita.  fina  ta  eaaraa,  poorly 

(0.9-0. 8) 

gradad,  aubroundad,  ealearaaua:  traea 
aand;  traea  ai It. 

nM:s-48 

9193 

A9y/A4e 

0. 0-1.0 

SM 

SILTY  SAND,  light  brown,  fina. 

(1971) 

(0.0-0. 3) 

poorly  gradad.  ealearaaua:  aoaia 
ailt. 

1. 0-2.0 

SC 

CLAYEY  SAND,  tight  brawn,  (ina. 

(0.3-0. 8) 

.paarly  gradad.  aubroundad,  eal- 
earaeua:  aaaa  alightly  plaatie  elay; 
traea  ( ina  graval . 

RM-CS-SI 

4970 

A9y/A4a 

0. 0-2.0 

ML 

SANDY  SILT,  light  trewn,  nonplaatle. 

0 

40 

80 

(1919) 

(0.0-0. 8) 

ealearaaua:  aaaa  lino  aand. 

VI-CS-S3 

4899 

ASy/A4o 

0.  0-2.0 

D 

SILTY  SAND,  light  brawn,  (ina  to 

(1492) 

(0. 0-0.0) 

1 

aadiua,  paarly  gradad.  eal- 
earaeua;  aaaa  ailt;  traea  fina  to 
eaaraa  graaol. 

VW-CS>98 

9693 

A9i 

0.  0-1.0 

GRAVELLY  SAND,  light  brown,  (ina  ta 

(1723) 

(0.0-0. 3) 

H 

eaaraa.  paarly  gradad.  ealearaaua: 
aaaa  (Ina  ta  eaaraa  grave  1:  aaaa  ailt. 

1. 0-2.0 

GRAVEL,  light  brown,  (ina  ta  eaaraa. 

(0.3-0. 8) 

poorly  gradad.  aubroundad.  eal- 
earaeua:  little  (ina  ta  eaaraa  aand; 

1 

traea  ailt. 

_ 
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SUBMK  SURF  1C  UL 

ACTIVITY  SURFACE 

ELEVATION.  6E0L0BIC 
NUMBER  eecT 

UNIT 

(METERS) 


RV-CS-S8  9293 


BM-CS-60  4883 
(1488) 


«W-CS-81  4892 

(1491) 


«*-CS-82  4890 

(1478) 


8M-CS-64  4893 

(1430) 


Vf-CS-89  4890 
(1417) 


RM-CS-6S  4943 
(1389) 


A9y/A4a 


A9)r/A4a 


A9ir/A4a 


FEET 

(METERS) 


0. 0-1.0 
(0-0-0. 3) 


1. 0-2.0 
(0.3-0. 6) 


(0.0-0. 8) 


0. 0-2.0 
(0.0-0. 6) 


00-1.0 
(0.0-0. 3) 

1.0-2. 9 
(0.3-0. 8) 


00-1.0 
(0.0-0. 3) 
1. 0-2.0 
(0.3-0. 8) 


0. 0-1.0 
(0.0-0. 3) 

1. 0-2.0 
(0.3-0. 8) 


SOIL  DESCRIPTION 


SANDY  8RAVEL.  light  brwn,  fin*  t* 
eoar**,  poorly  iradoil.  tutaroundod 
to  tuhongulor,  ealearoouo;  ooa* 

(in*  to  Cairo*  oand;  **•*  slightly 
pisotle  eiay. 

GRAVEL,  light  hronn,  fin*  t*  eoars*. 
poorly  graded,  ealeiroouo:  iittia 
(in*  to  eaarsa  sand:  traca  siit. 


SILTY  SAND,  light  hronn,  fin*  to 
eoars*.  poorly  gradod.  ealearaous; 
SOM  silt;  SON*  fin*  to  eoars* 
gravol . 

SILTY  SANO.  hronn,  fin*  to  eoars*. 
pearly  gradod.  suhreundod.  eal- 
earoaus:  sea*  silt;  littls  fins 
gravol . 

SILTY  SAND,  hronn.  fin*  to  eoars*. 
poorly  gradad,  ealeiroous;  litti*  to 
saaa  silt;  traei  to  toaa  Mno  to 
eoarso  graval;  traca  eahhlss. 

CLAY,  hronn,  highly  plastic,  eal- 
caraeus. 

SILTY  SANO.  nhits.  fin*,  poorly 
gradod.  ealearoous;  soa*  silt; 
litti*  fin*  to  eoars*  gravol. 

SILTY  CLAY,  hronn,  slightly  plastic, 
ealesreeus:  trae*  lina  sand. 

SANDY  GRAVEL,  hronn,  lino  to  eoars*. 
poorly  gradod,  ealearoous:  son*  (in* 
to  eoars*  sand. 

CLAYEY  SANO.  hronn,  fin*  to  eoars*. 
poorly  gradod.  ealearaous:  sea* 
slightly  plastie  clay. 

GRAVELLY  SANO.  hronn,  fin*  to  eaarsa, 
poorly  gradod.  ealearoous;  sea*  (In* 
gravol . 


SIEVE 

ANALYSIS 


lOlQBIQIDII 


41  38  23 


‘  '82  34 
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LABORATORY  TEST  RESULTS 


EXPLANATIONS  OF  LABORATORY  TEST  RESULTS 


Laboratory  test  results  are  presented  in  this  section.  Table 
9-1  contains  a  su.Timary  of  laboratory  test  results.  This  table 
contains  results  of  sieve  analysis;  plasticity  data;  in-situ 
dry  unit  weignt,  moisture  content,  degree  of  saturation,  and 
void  ratio  for  drive  and  Pitcher  samples;  results  of  compaction 
tests;  and  specific  gravity  of  solids.  Other  tests  such  as 
triaxial  compression,  unconfined  compression,  direct  shear, 
consolidation,  chemical,  and  California  Bearing  Ratio  (CBR)  are 
indicated  on  the  table.  Tables  9-2  through  9-6  and  Figures  9-1 
through  9-3  present  results  of  triaxial  compression,  unconfined 
compression,  direct  shear,  consolidation,  chemical,  and  CBR 
tests. 


All  tests  were  performed  in  general  accordance  with  the 
American  Society  for  Testing  and  Materials  (ASTM)  procedures. 
The  following  table  presents  the  ASTM  designations  for  the 
tests  performed  during  the  investigation. 


Type  of  Test 


ASTM  Designations 


Particle  Size  Analysis 
Liquid  Limit 
Plastic  Limit 
Unit  Weight 
Moisture  Content 
Compaction 

Specific  Gravity  of  Solids 
Tr iaxial 

Unconfined  Compression 

Direct  Shear 

Consolidation 

Test  for  Alkalinity  (pH) 

Water  Soluble  Sodium 
Water  Soluole  Chloride 
Water  Soluble  Sulphate 
Water  Soluble  Calcium 
Calcium  Carbonate 
California  Bearing  Ratio  (CBR) 


D  422-63 
D  423-66 
D  424-59 
D  2937-71 
D  2216-71 
D  1557-70 
D  854-58 
D  2850-70 
D  2166-66 
D  3080-72 
D  2435-70 
D  1067-70 
D  1428-64 
D  512-67 
D  516-68 
0  511-72 
D  1126-67 
D  1883-73 


■iJU'il  J  ■■  -  aj'.  <*  '  '"M 
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Explanation  for  the  tables  and  figures  presented  in  this  sec¬ 
tion  are  as  follows. 

A.  Activity  Number  -  Boring,  trench,  test  pit,  or  surficial 
sample  designation. 

B.  Sample  Number  -  Prefix  indicates  the  type  of  sample; 
explanation  is  at  the  bottom  of  the  taole. 

C.  Sample  Interval  -  This  is  the  depth  range  measured  from 
ground  surface  over  which  the  sample  was  obtained. 

D.  Percent  Finer  by  Weight  -  Presents  the  results  of  labora¬ 
tory  particle  size  analysis  (ASTM  D  422-63)  performed  on 
representative  soil  samples  at  the  depth  indicat-ed.  The 
numbers  represent  the  percent  (by  dry  weight)  of  the  total 
sample  weight  passing  througn  eacn  sieve  size  indicated. 

E.  Atterberg  Limits  (ASTM  D  423-66  and  D  424-59) 

LL  -  Liquid  Limit,  the  water  content  (as  percent  of  soil 
dry  weight)  corresponding  to  tne  arbitrary  limit 
oetween  the  liquid  and  plastic  states  of  consistency 
o'  a  soil  (ASTM  D  423-66)  . 

PL  -  Plastic  Limit,  the  water  content  corresponding  to  an 
arbitrary  limit  between  the  plastic  and  tne  semisolid 
state  of  consistency  of  a  soil  (ASTM  D  424-59)  . 

PI  -  Plasticity  Index,  numerical  difference  between  the 
liquid  limit  (LL)  and  the  plastic  limit  (PL)  indicat¬ 
ing  the  range  of  moisture  content  within  which  a 
soil-water  mixture  is  plastic. 

NP  -  Nonplastic. 

F.  uses  -  Unified  Soil  Classification  Symbols  are  given  nere; 
see  Table  6.1  in  Section  6.0,  "Boring  Logs",  for  complete 
details  of  USC3  system. 
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G.  In  Situ  -  Presents  results  of  tests  on  drive  and  Pitcher 


samples . 

Dry  Unit  Weight  -  indicates  dry  unit  weight  of  soil  deter¬ 
mined  as  per  ASTM  D  2937-71 

Moisture  Content  -  weight  of  water  reported  in  percent 

of  dry  weight  of  soil  sample  (ASTM  D 
2216-71) 

Saturation  -  the  degree  of  saturation  in  a  soil 

sample  is  defined  as  the  ratio  (in 
percent)  of  the  volume  of  water  to  the 
volume  of  all  voids  in  the  soil 


Void  Ratio  -  the  numerical  ratio  of  the  volume  of 

voids  to  the  volume  of  solids  in  a  soil 
specimen 


H.  Compacted  -  Indicates  results  of  laboratory  maximum  dry 


density  and  optimum  moisture  content  test  as  per  ASTM 
D  1557-70. 


I.  Specific  Gravity  of  Solids  (ASTM  D  854-58)  -  Indicates  the 
ratio  of  (1)  the  weight  in  air  of  a  given  volume  of  soil 
solids  at  a  stated  temperature,  to  (2)  the  weight  in  air 

an  equal  volume  of  distilled  water  at  a  stated  temperature. 

J.  Triaxial  -  The  triaxial  compression  tests  were  performed  in 
accordance  with  the  procedures  of  ASTM  D  2850-70.  Tne 
following  explanations  and  definitions  apply. 


Triaxial  Compression  Test  -  a  cylindrical  specimen  of  soil 
is  surrounded  by  a  fluid  in  a  pressure  chamber  and  sub¬ 
jected  to  an  isotropic  pressure.  An  additional  compressive 
load  is  then  applied,  directed  along  the  axis  of  the 
specimen  called  the  axial  load. 

Consolidated-Drained  (CD)  Test  -  a  triaxial  compression 
test  in  which  the  soil  was  first  consolidated  under  an 
all-around  confining  stress  (test  chamber  pressure)  ,  and 
was  then  compressed  (and  hence  sheared)  by  increasing  the 
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vertical  stress.  Drained  indicates  that  excess  pore  water 
pressure  generated  by  strains  are  permitted  to  dissipate  by 
the  free  movement  of  pore  water  during  consolidation  and 
compression. 

Consolidated-Undrained  (CU)  Test  -  a  triaxial  compression 
test  in  which  essentially  complete  consolidation  under  the 
confining  (chamber)  pressure  is  followed  by  a  shear  test  at 
constant  water  content. 

Confining  Pressure  (03)  -  the  isotropic  chamber  pressure 
applied  to  the  soil  specimen  during  consolidation  and 
compression. 

Maximum  Deviator  Stress  (a^-ag)  -  the  difference  between 
the  major  and  minor  principal  stresses  in  the  specimen  at 
failure.  The  major  principal  stress  on  the  specimen  is 
equal  to  the  unit  axial  load  plus  the  chamber  pressure  and 
the  minor  principal  stress  on  the  specimen  is  equal  to  the 
chamber  pressure. 

Strain  Rate  -  axial  strain,  c  ,  at  a  given  stress  level  is 
defined  as  the  ratio  of  the  change  in  length  (AL)  of  the 
specimen  to  the  original  length  of  the  specimen  (Lq)  •  The 
rate  of  strain  was  controlled  during  the  test  so  that  this 
ratio  increased  at  equal  increments  for  each  minute  of 
testing . 

Back  Pressure  -  pressure  in  excess  of  atmospheric  applied 
to  the  pore  water  of  a  soil  sample.  Back  pressure  is  usu¬ 
ally  applied  to  (1)  increase  saturation  of  the  sample,  or 
(2)  simulate  the  actual  in-situ  pressure  regime. 


K.  Unconfined  Compression  -  Test  procedures  were  as  described 
in  ASTM  D  2166-66.  Unconfined  compressive  strength  is 
defined  as  the  load  per  unit  area  at  which  an  unconfined 
prismatic  or  cylindrical  specimen  of  soil  will  fail  in  a 
simple  compression  test.  In  these  methods,  unconfined 
compressive  strength  is  taken  as  the  maximum  load  attained 
per  unit  area  or  the  load  per  unit  area  at  20  percent  axial 
strain,  whichever  occurred  first  during  the  performance 


of  a  test. 
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L.  Direct  Shear  -  The  procedures  of  ASTM  D  3080-72  were 
followed  for  direct  shear  testing.  In  this  test,  soil 
under  an  applied  normal  load  is  stressed  to  failure  by  mov¬ 
ing  one  section  of  the  soil  container  (shear  box)  relative 
to  the  other  section.  Normal  stress  is  the  value  of  load 
per  unit  area  acting  perpendicular  to  the  plane  of  shear¬ 
ing.  Maximum  shear  strength  is  defined  as  the  maximum  re¬ 
sistance  (ksf)  of  a  soil  to  shearing  (tangential)  stresses. 

M.  Consolidation  (ASTM  D  2435-70)  -  A  consolidation  test  is  a 
test  in  which  a  cylindrical  soil  specimen  is  laterally 
confined  in  a  ring  and  compressed  between  porous  plates. 
The  term  "consolidation",  as  used  here,  indicates  the 
gradual  reduction  in  volume  of  the  soil  mass  resulting  from 
an  increase  in  compressive  stress  (axial  load  per  unit 
area)  . 

N.  Chemical  -  The  chemical  tests  performed  on  soil  samples 

included:  pH;  water  soluble  sodium,  chloride,  sulphate, 

calcium;  and  calcium  carbonate  content.  pH  is  an  index  of 
the  acidity  or  alkalinity  of  a  soil  in  terms  of  the  loga¬ 
rithm  of  the  reciprocal  of  the  hydrogen  ion  concentration. 
ASTM  test  procedure  designations  for  these  chemical  tests 
are  included  in  the  table  at  the  beginning  of  the  "Explana¬ 
tion  of  Laboratory  Test  Results". 

O.  C3R  -  California  Bearing  Ratio  (CBR)  is  the  ratio  (in 
percent)  of  the  resistance  to  penetration  developed  by  a 
subgrade  soil  to  that  developed  by  a  standard  crushed-rock 
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base  material.  The  procedures  for  conducting  a  CBR  test 
were  as  outlined  in  ASTM  D  1883-73.  The  materials  tested 
for  CBR  were  also  analyzed  for  particle  size  distribution 
(ASTM  D  422-63)  and  compaction  characteristics  (ASTM  D 
1557-70)  .  The  term  “percentage  of  maximum  density"  indi¬ 
cates  the  ratio  (as  a  percentage)  of  the  compacted  sample 
dry  unit  weight  to  maximum  dry  density  obtained  in  the 
laboratory  from  ASTM  D  1557-70,  "Moisture-Density  Relations 
of  Soils  Using  10-pound  (4.5  kg)  Hammer  and  18-inch 
(457  mm)  Drop". 
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